The addition of glucose to a bacterial culture growing on another carbon source immediately inhibits the utilization of the first carbon source (2, 3, 4, 5) . This regulatory control is termed catabolite inhibition and applies to a wide variety of sugars (4) . Previous results have shown that catabolite inhibition of galactose and lactose utilization is either at the level of entry of substrate into the cell or at level of the first metabolic reaction (i.e., galactokinase or ,-galactosidase) (4) .
The following experiment indicates that it is the process of transporting glucose into a cell rather than its presence in a cell that produces catabolite inhibition of mannose utilization.
Escherichia coli 3300 (i3-z+y+) was adapted to growth in minimal mannose medium and then incubated in the presence of mannose-1-4C (Fig. 1) . The rates of mannose utilization in the control culture and a parallel culture, to which glucose was added at the time indicated, are similar to those found previously. The addition of isopropyl-p-D-thiogalactoside, methyl-O-Dthiogalactoside, or mellibiose had no effect on the rates of mannose utilization. The addition of lactose failed to produce catabolite inhibition but did produce immediate catabolite repression, as evidenced by the fact that enzyme present at the time of addition was not inhibited, but no further enzyme was formed. Thus glucose generated inside the cell by the splitting of lactose can act to repress the further synthesis of the mannose-metabolizing enzymes but is incapable of inhibiting the utilization of mannose by the enzymes already present.
The existence of a delay (at least 20 min) in achieving maximum inhibition when exogenous glucose is added to the medium rules out direct inhibition by external glucose. This, coupled with the fact that glucose generated intracellu- larly fails to produce inhibition, leads to the conclusion that catabolite inhibition occurs when glucose is being actively transported across the cell membrane.
The observation that lactose produced catabolite repression but not catabolite inhibition indicates that glucose transport but not lactose transport produced catabolite inhibition. This confirms the earlier observation that only glucose, and to a lesser extent glucose-6-phosphate, can produce catabolite inhibition when tested against a variety of carbohydrate sources (4) .
As a control for the previous experiment, we tested the effects of glucose and lactose in E.
coli 3310 (iz-y+), a strain lacking 0-galactosidase activity but otherwise isogenic with E. coli 3300. In this strain, glucose continued to produce catabolite inhibition, but lactose was unable to produce either catabolite inhibition or catabolite repression.
The kinetics and extent of catabolite inhibition appear to be correlated with the ability of a culture to use glucose at the time it is added. This conclusion is drawn from a comparison of rates of glucose utilization in cultures grown in minimal media with either mannose or xylose as carbon sources. Cells growing on these two sugars exhibit very different susceptibilities to inhibition by glucose (4) .
Rates of mannose and xylose utilization were measured in cultures growing on "4C-labeled mannose or xylose before and after the addition of "2C-glucose. Glucose utilization was measured after the addition of 'IC-glucose to cultures already growing on "2C-xylose ( Fig. 2A) or "0-mannose (Fig. 2B) .
The rates of utilization of xylose and mannose in control cultures and in parallel cultures after "2C-glucose addition were similar to those demonstrated previously (4) . Cultures Each metabolic chamber consisted of a water-jacketed culture tube through which was bubbled a mixture of 90% air and 10% CO2 The exiting gas was trapped in a vial containing absolute ethanol-ethanolamine, and the amount of radioactivity in the vial was determined in a liquid scintillation counter after the addition of a scintillation cocktail mix as previously described (4) . Starting from a small innoculum, cultures were grown with aeration into exponential phase (2 x 108 to 4 x 10' cells/ml) at 37 C in minimal M9 (1) salts media with 0.1% carbon source and B1 (5 ug/ml). Cells were harvested by centrifugation; washed once with sugarfree medium, and resuspended in fresh medium to a concentration of 108 to 2 x 10 cells/ml. Bacterial growth was determined by using a Coleman Jr. spectrophotometer modified to receive the metabolic chambers. The rate of "4CO, evolution was used as a measure of carbohydrate utilization as described previously (4). intense catabolite inhibition. Cultures grown on xylose had a lower rate of "4C-glucose utilization than xylose utilization and exhibited relatively weak catabolite inhibition. These results suggest a correlation between the ability of cells to immediately utilize glucose and their susceptibility to rapid and severe catabolite inhibition.
It was previously shown (4) that the site of catabolite inhibition is either at the first metabolic reaction or at the level of transport of the sugar whose utilization is inhibited. We have now shown that it is the process of transporting J. BACTIOL. 
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VoL. 114, 1973 NOTES glucose across the cell membrane that produces catabolite inhibition. It is much easier to envisage a coupling between the transport of glucose and that of other sugars than between the transport of glucose and a variety of metabolic reactions. Therefore, it appears likely that catabolite inhibition acts on carbohydrate transport.
